Study objective -To characterise cell injury during myocardial hypoxia and reoxygenation, [Ca2+]i was measured in guinea pig ventricular myocytes using digital images of h a -2 fluorescence.
main and the only mechanism of cell injury during myocardial hypoxidreoxygenation. Other mechanisms such as membrane disturbance could be involved.
Although Ca2' overload has been proposed as a factor in lethal injury during myocardial ischaemia or reperfusion,' evaluation of the role of Ca2+ in myocardial cell requires a method for measuring cytosolic Ca2+ concentration ( [Ca2+]i) during myocardial ischaemidreperfusion. The information obtained from multicellular preparations, however, is limited by (1) uncertainty as to how total Ca2+ content is related to [Ca2+Ii, and (2) cell-cell heterogeneity and asynchrony. Recently, there have been several studies which show that [Ca2+]i rises during and after metabolic inhibition in cardiac muscle.2 However, the time course and magnitude of the rise in [Ca2+]i were highly variable in these experiments, and there has been little study to determine whether the rise in [Ca2' ]i contributes to cellular damage.
In this experiment, we obtained parallel measurements of [Ca2+] i and cell morphology in individual guinea pig ventricular myocytes during the perfusion and the washout of sodium cyanide (NaCN) using digital images of fura-2 fl~orescence.~ To characterise cell injury during myocardial hypoxid reoxygenation, [Ca2']i during and after the perfusion of NaCN was then compared with that during the perfusion of strophanthidin, which has been shown to induce Ca2+ ~verload.~
Methods
The hearts from male guinea pigs (250-300 g) were excised, attached to the bottom of a Langendorff column (60 cm height), and perfused with solutions gassed with 95% 0 2 -5% C02 and maintained at 37 k 0.5"C and pH 7.4. The first perfusate was Ca2' free Krebs solution to wash out the blood remaining in the heart cavities and coronary arteries. After 3-4 min of the initial perfusion, 50 ml of low CaCI2 (5Opmol.litre-) Krebs solution containing enzymes (1000 Um-' collagenase type V and 500 U*ml-' trypsin type 111, Sigma Chemical Co) were added to the column and perfused for 3-5 min. Finally, Ca" free Krebs solution was introduced to wash out the residual enzyme solution in the h e m . The ventricles were cut into small fragments with iris scissors, and myocytes were dispersed by gentle agitation in oxygenated CaZ+ free Krebs solution. Finally, the Ca" concentration in the cell suspension was raised to 2.45 mmol.litre-I by the addition of CaClz.
After objective. Video images were obtained using a silicon intensified target camera (Hamamatsu Photonics KK), with the output digitised to a resolution of 512 x 512 pixels by ARGUS (Hamamatsu Photonics KK).
Images of fura-2 fluorescence at 5 10 nm emission were obtained with 340 and 380 nm excitation wavelengths.
Images of fluorescence ratios were then obtained by dividing, pixel by pixel, the 340 nm image afrer background subtraction by the 380 nm image after background subtraction.
OmM Glucose Recently, Berliner all0 have reported that there were local regions of raised [Ca2+]i in Ca2+ overloaded myocytes exposed to low K + solution. Subcellular heterogeneity of [Ca2'], was accompanied by "Ca2+ wave" and the transient inward current. There was also subcellular heterogeneity in the distribution of [Ca".] , in quiescent cells which showed high [Ca2+li during and after the washout of NaCN in this study.
We have already reported that [Ca2+]i has a primary role in mediating irreversible injury in CaZ+ overloaded myocytes during the perfusion of ~trophanthidin,~ since there was a close correlation between [Caz+Ii and the degree of cell shortening. It was shown in this study that the values of [Ca2+Ii before and after cell contracture, during and after the perfusion of NaCN, were significantly lower than those during the perfusion with strophanthidin, suggesting that the Caz+ overload alone was not likely to be the main and the only mechanism of cell injury during myocardial hypoxia and reoxygenation. It is likely that other mechanisms such as ATP depletion and membrane disturbance6 could be involved in cell injury.
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